INTRODUCTION
============

Upon activation by foreign antigens presented by antigen-presenting cells, naïve T cells undergo clonal expansion and differentiation to become effector cells. After antigen clearance, the clonally expanded T cells are rapidly removed through apoptosis ([@b6-molce-38-10-918]). During T cell activation, mitochondrial biogenesis and respiration increase ([@b9-molce-38-10-918]) in order to supply enough ATP for an increase in cell size, followed by rapid proliferation and differentiation during the expansion period ([@b23-molce-38-10-918]). Failure to generate enough energy would lead to infertile T cell activation.

Increased mitochondrial respiration is also important in another aspect of T cell activation: the rapid increase in mitochondrial production of reactive oxygen species (ROS) ([@b13-molce-38-10-918]). High-levels of ROS affect both the expansion and removal of activated cells ([@b14-molce-38-10-918]). ROS modulate the activities of transcription factors such as NF-κB ([@b20-molce-38-10-918]) and AP-1 ([@b2-molce-38-10-918]), which promote the expression of IL-2, a major autocrine factor for T cell proliferation ([@b35-molce-38-10-918]). Meanwhile, activated T cells are removed via the activation-induced cell death (AICD) mechanism, which is predominantly triggered by Fas-L. Fas-L induction is known to be enhanced by ROS ([@b40-molce-38-10-918]). The rapid downregulation of T cell numbers during the contraction phase is also mediated by apoptosis, known as activation-caused autonomous death (ACAD) ([@b15-molce-38-10-918]), which is dependent on the intrinsic death pathway that involves pro- and anti-apoptotic members of Bcl-2 family proteins ([@b16-molce-38-10-918]). ROS have been suggested to be responsible for Bcl-2 downregulation in activated T cells ([@b17-molce-38-10-918]). Furthermore, the increase of mitochondrial content itself may also contribute to apoptosis. Accumulated cytochrome *c* in these mitochondria is released via Ca^+2^-dependent mitochondrial permeability transition, which is also triggered by ROS ([@b8-molce-38-10-918]). Therefore, alteration in the status of mitochondria and ROS would be expected to change the level and the kinetics of T cell activation and thereby substantially affect the adaptive immune response and T cell homeostasis.

Nicotinamide (NAM), a vitamin B3 derivative, is converted to NAD^+^ through a salvage pathway ([@b30-molce-38-10-918]). When administered at high doses, it exerts positive effects on the proliferation, survival, and longevity of cells ([@b25-molce-38-10-918]; [@b33-molce-38-10-918]), possibly by increasing the cellular level of NAD^+^. For this reason, NAM is actively investigated for therapeutic applications to human diseases, although underlying mechanisms of its actions are not fully understood ([@b33-molce-38-10-918]). In our previous studies, NAM accelerated autophagy-mediated mitochondrial turnover and induced a substantial decrease in ATP and ROS content ([@b22-molce-38-10-918]; [@b24-molce-38-10-918]). Furthermore, NAM treatment caused an increase in the replicative lifespan of human fibroblasts and keratinocytes. This was suggested to be mediated by an increase in mitochondrial quality, defined by increased mitochondrial membrane potential and decreased levels of mitochondrial content and mitochondrial ROS production and, thereby, a decrease in ROS generation ([@b22-molce-38-10-918]; [@b24-molce-38-10-918]; [@b25-molce-38-10-918]).

In this study, CD8^+^ cell activation was used as a model to investigate whether NAM treatment alters the outcome of cellular activity in which mitochondria and ROS play important roles. We observed that NAM treatment attenuated the increase in mitochondrial content in CD8^+^ cells during their activation. Unexpectedly, this was accompanied by an increase in the size of population expansion. Decreased apoptotic cell death, likely caused by attenuated ROS production, underlies the increase in the expansion size of the activated cells. Our results suggest that NAM can affect the physiology of T cells and that the extent of population growth during T cell activation can be manipulated through modulation of levels of mitochondria and ROS.

MATERIALS AND METHODS
=====================

CD8^+^ cell isolation and activation
------------------------------------

Four healthy males (three in their twenties and one in his fifties) and one female (in her twenties) donated 10 cc of blood in compliance with the protocol approved by the IRB of Sookmyung Women's University (SM-IRB-08-0225). CD8^+^ T cells were purified using the Dynal CD8^+^ Isolation Kit (Invitrogen, USA) and activated by the treatment of Dynabeads conjugated with anti-CD3 and anti-CD28 antibodies (Invitrogen). The Roswell Park Memorial Institute (RPMI) medium was replaced every two days with fresh supplements of human IL-2 (60 UI/ml; Sigma-Aldrich, USA) and IL-15 (5 ng/ml; ProSpec, USA). At the start of the activation, 5 mM NAM was added. The individual donors provided written informed consent to publish these case details.

Determination of cell division number
-------------------------------------

The method developed by [@b31-molce-38-10-918] was used. After incubation with 0.5 μM carboxyfluorescein succinimidyl ester (CFSE; Sigma-Aldrich), cells were divided into two plates and activated in the presence or absence of NAM. After three or seven days, cells were analyzed by flow cytometry by using a BD FACSCanto (BD Biosciences, USA).

Flow cytometry
--------------

To analyze cell cycle or annexin V-positivity, cells were stained with either 10 μg/ml propidium iodide (PI), 0.2 μg/ml annexin V-FITC (BD Biosciences), or both PI + annexin V-FITC. In order to determine mitochondrial content, the levels of mitochondrial superoxide or hydroxyl radicals, or cytosolic Ca^+2^ concentration (\[Ca^+2^\]~cyt~), cells were stained with either 30 nM MitoTracker Green, 0.1 μM MitoSox or DHR123, or 5 μM Fluo-3 (all from Invitrogen), respectively. Cells were then analyzed by flow cytometry by using a BD FACSCanto. Raw data were analyzed using the CellQuest 3.2 software (BD Biosciences).

Quantification of tumor necrosis factor α (TNF-α) secretion
-----------------------------------------------------------

The amount of TNF-α in 24 h-conditioned medium was determined with a TNF-α ELISA Kit (Invitrogen) following the manufacturer's protocol and by reading the chromogen density in an ELx808 microplate reader (BioTek, USA).

Western analysis
----------------

Cells were lyzed in radioimmunoprecipitation assay (RIPA) buffer \[50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS\]. Equal quantities of proteins were subjected to SDS-PAGE and western analysis using antibodies against electron transport chain proteins (Total OXPHOS Human Antibody Cocktail; MitoSciences, USA), p62/SQSTM1 (Santa Cruz Biotechnology, Inc., USA), and LC3, Bcl-2, caspase 3, and Erk (Cell Signaling Technology, USA).

Real time PCR analysis
----------------------

Total RNA was isolated using TRizol reagent (Invitrogen), and 5 μg was converted to cDNA by MuLV reverse transcriptase (Promega, USA). For quantitative PCR, an equal volume of the cDNA reactions was mixed with TOPreal^™^ qPCR 2X PreMIX (SYBR green; Enzynomics, Korea) and primers with following sequences: 5′-AAG AAT CCC AAA CTC ACC AGG AT-3′ and 5′-TAG ACA CTG AAG ATG TTT CAG TTC TG-3′ for interleukin-2 (IL-2); 5′-TGA CCA GAG CAT CCA AAA GA-3′ and 5′-CTC TTC GAC CTC GAA ACA GC-3′ for interferon-γ (IFN-γ); 5′-CAA GGG ATT GGA ATT GAG GA-3′ and 5′-TGG AAG AAA AAT GGG CTT TG-3′ for Fas; and 5′-TGG GGA TGT TTC AGC TCT TC-3′ and 5′-CAG AGG CAT GGA CCT TGA GT-3′ for Fas-L.

Statistical analyses
--------------------

For most analyses, the mean ± standard error of the mean from two or three different samples was plotted. For changes in mitochondrial content and ROS levels, the differences between the naïve and activated groups were considered significant at *p* \< 0.02. For changes in the annexin V-positive population, the differences between the control and NAM-treated groups were considered significant at *p* \< 0.1.

RESULTS
=======

NAM attenuates the increase of mitochondrial and ROS content during T cell activation
-------------------------------------------------------------------------------------

In our previous studies, the cellular content of mitochondria was reduced following treatment with 5 mM NAM in human fibroblasts ([@b22-molce-38-10-918]; [@b24-molce-38-10-918]). To determine whether NAM treatment exerts a suppressive effect against the increase in mitochondria during T cell activation, we examined isolated primary CD8^+^ T cells *in vitro*. Upon activation with a pulse of antibodies to CD3 and CD28, the population rapidly expanded, and the mitochondrial content increased during the expansion period ([Figs. 1A--1C](#f1-molce-38-10-918){ref-type="fig"}). However, this increase was dramatically suppressed in cells activated in the presence of NAM ([Fig. 1A](#f1-molce-38-10-918){ref-type="fig"}). Furthermore, the continuous increase of mitochondrial ROS, both superoxide and hydroxyl radials, during activation was substantially attenuated following NAM treatment ([Fig. 1B and 1C](#f1-molce-38-10-918){ref-type="fig"}). The suppressive effect of NAM was reproduced in T cells from other donors, with differences in the extent of the effect observed ([Supplementary Fig. 1](#SD1){ref-type="supplementary-material"}). These results suggest that NAM treatment effectively suppresses mitochondria and ROS levels even during T cell activation where they are actively produced.

Autophagy takes place in T cells during activation and has been reported to either promote or inhibit cell death ([@b3-molce-38-10-918]; [@b27-molce-38-10-918]). Meanwhile, NAM has been suggested to induce the autophagy-mediated removal of mitochondria in human fibroblasts and carcinoma cells ([@b22-molce-38-10-918]). In this study, the effect of NAM on autophagy during T cell activation was determined. T cell activation resulted in an increase in the number of LC3-positive puncta, indicating higher-level autophagosome formation. NAM treatment caused a further increase in their number and size ([Fig. 1D](#f1-molce-38-10-918){ref-type="fig"}), suggesting a greater level of autophagy activation. The level of LC3-type II, a marker of autophagy activation ([@b26-molce-38-10-918]), increased, while the level of p62/SQSTM1 (p62), whose degradation is a marker of active autophagy flux ([@b4-molce-38-10-918]), decreased in cells activated in the presence of NAM ([Fig. 1E](#f1-molce-38-10-918){ref-type="fig"}). These results suggest an activated autophagy.

We also observed an increase in the levels of p62 and LC3-type II upon treatment with bafilomycin A1, an inhibitor of autolysis ([@b4-molce-38-10-918]), indicating an actively ongoing autophagy flux in the NAM-treated cells ([Fig. 1E](#f1-molce-38-10-918){ref-type="fig"}). In addition, this augmented autophagy was accompanied by a fragmental change in mitochondria structure ([Supplemental Fig. 2](#SD1){ref-type="supplementary-material"}). Mitochondrial fragmentation through active fission has been proposed to be essential to their autophagic turn-over ([@b12-molce-38-10-918]). These results together demonstrate that NAM treatment effectively induces mitochondrial turnover and, thereby, attenuates the increase of mitochondrial content even during T cell activation.

NAM induces greater expansion of the activated T cell population
----------------------------------------------------------------

Next, we investigated how NAM treatment affects T cell expansion. As expected, the populations of CD8^+^ cells isolated from five different donors all expanded similarly upon activation ([Fig. 2A](#f2-molce-38-10-918){ref-type="fig"} and [Supplementary Fig. 3](#SD1){ref-type="supplementary-material"}). Different cells exhibited variation in the magnitude and kinetics of the activation-induced increase in cell number, possibly because of differences in body conditions of the donors. We found no correlation between the age or gender of the donors and the activation kinetics. When activated in the presence of NAM, the cell populations grew, but cell numbers increased faster and to greater extent than expected. In most cases, NAM treatment resulted in an almost two-fold increase in cell number ([Fig. 2A](#f2-molce-38-10-918){ref-type="fig"}). This occurred in the absence of changes to the length of the expansion phase: the onset of the contraction phase was unaffected. Higher-level population expansion was also demonstrated by the increase of T cells positive for CD44, a cell-surface marker of active/memory T cells ([@b37-molce-38-10-918]) ([Fig. 2B](#f2-molce-38-10-918){ref-type="fig"}).

The greater population expansion might be caused by an increase in cell proliferation. This possibility was investigated by comparing cell cycle profiles and the number of cell divisions during activation. Upon activation, the length of the G0/G1 phase was reduced, while that of both the S and G2/M phases increased ([Fig. 2C](#f2-molce-38-10-918){ref-type="fig"}). The expanded S and G2/M phases were maintained throughout the 12-day activation in the absence of NAM ([Fig. 2C](#f2-molce-38-10-918){ref-type="fig"}). However, in the presence of NAM, both phases became substantially shorter after day eight, and inversely, the length of the G0/G1 phase increased ([Fig. 2C](#f2-molce-38-10-918){ref-type="fig"}). This suggests that cells stopped dividing earlier when activated in the presence of NAM.

This possibility is supported by the results of the cell division assay using CFSE ([Fig. 2D](#f2-molce-38-10-918){ref-type="fig"}). CFSE-treated naïve cells were divided into two groups and activated in the presence or absence of NAM. At day seven, the cells activated in the absence of NAM were distributed among 10 different peaks, indicating up to nine divisions. Meanwhile, in the NAM-treated population, the last (9^th^) peak was almost negligible, while the 7^th^ peak was prominent. This indicates that the NAM-treated population underwent fewer cell divisions. Together, these results demonstrate that NAM treatment induces a greater level of population expansion and that this is not attributed to the higher-level division of activated T cells.

NAM causes downregulation of apoptosis during T cell activation
---------------------------------------------------------------

During activation, antigen-stimulated T cells undergo apoptosis through either AICD or ACAD. Both of these processes are affected by high levels of ROS ([@b6-molce-38-10-918]; [@b9-molce-38-10-918]; [@b15-molce-38-10-918]; [@b16-molce-38-10-918]; [@b35-molce-38-10-918]; [@b40-molce-38-10-918]). The cell cycle profiles in [Fig. 2C](#f2-molce-38-10-918){ref-type="fig"} reveal another difference induced by NAM; the attenuated increase of the sub-G1 fraction. The increase in the rate and the extent of population growth upon NAM treatment was found to be associated with a decrease in apoptotic death. First, the fraction of the cells positive for annexin V gradually increased during activation, but this increase was substantially attenuated by NAM treatment ([Fig. 3A](#f3-molce-38-10-918){ref-type="fig"}). The increase in the expression of Fas and Fas-L mRNA was largely abolished ([Fig. 3B](#f3-molce-38-10-918){ref-type="fig"}), indicating an attenuation of the extrinsic signaling of apoptosis, the major route of T cell death during activation ([@b21-molce-38-10-918]). The pattern of caspase 3 cleavage, a marker of apoptosis execution, also suggests attenuated apoptosis ([Fig. 3C](#f3-molce-38-10-918){ref-type="fig"}). Caspase 3 cleavage increased until day six and then decreased in this particular T cell sample. NAM treatment attenuated and delayed the cleavage until day six.

In previous studies, the cell-beneficiary effects of NAM could not be reproduced following simple treatment with anti-oxidants ([@b25-molce-38-10-918]; [@b28-molce-38-10-918]). Therefore, NAM was expected to activate certain pathways that mediate cell survival. We assessed whether NAM potentiates Bcl-2 expression, which promotes cell survival against apoptotic stimuli and is involved in T cell activation ([@b5-molce-38-10-918]; [@b34-molce-38-10-918]). The activation triggered decline of Bcl-2 levels ([@b17-molce-38-10-918]), but this was less steep in the presence of NAM, suggesting a reduced suppression of the Bcl-2 anti-apoptotic pathway ([Fig. 3D](#f3-molce-38-10-918){ref-type="fig"}). Therefore, NAM appears to potentiate T cell population expansion possibly through the augmentation of Akt-Bcl-2 survival pathway. However, it cannot be determined whether this is induced indirectly by ROS attenuation or directly by another unknown effect of NAM.

NAM attenuates the increase of \[Ca^+2^\]~cyt~ and cytokine expression during activation
----------------------------------------------------------------------------------------

Upon T cell receptor activation, \[Ca^+2^\]~cyt~ increases, and the extra Ca^+2^ is transported to the mitochondria, resulting in the release of cytochrome *c* ([@b19-molce-38-10-918]). Increase of cytosolic \[Ca^+2^\]~cyt~ triggers the intrinsic pathway of apoptosis. This also appears to be attenuated by NAM treatment (a representative result is presented in [Fig. 4A](#f4-molce-38-10-918){ref-type="fig"}), suggesting that the increased T cell expansion may be attributed in part to the attenuation \[Ca^+2^\]~cyt~, although how this is caused by NAM remains unknown.

High \[Ca^+2^\]~cyt~ also activates calcineurin ([@b11-molce-38-10-918]), which functions in the activation of nuclear factor of activated T-cells (NFAT) responsible for the expression of cytokine genes necessary for effector function ([@b11-molce-38-10-918]). Therefore, expression of certain cytokine genes is expected to be altered in NAM-treated cells. Indeed, the increase in the levels of IL-2 and IFN-γ mRNA was reduced in NAM-treated cells ([Fig. 4B](#f4-molce-38-10-918){ref-type="fig"}). Meanwhile, the amount of TNF-α secreted in the medium increased 80-fold upon activation, irrespective of NAM presence ([Fig. 4C](#f4-molce-38-10-918){ref-type="fig"}). However, considering the greater number of cells in the culture, this suggests a substantially lower level of TNF-α secretion from individual cells activated in the presence of NAM. These results demonstrate that the cytokines, IL-2, IFN-γ, and TNF-α, are produced at lower levels concurrently with the decrease in \[Ca^+2^\]~cyt~. Therefore, effector function represented by cytokine secretion is compromised by the NAM-mediated acceleration of the population expansion.

DISCUSSION
==========

This study demonstrates that NAM treatment increases the size of the population expansion during CD8^+^ T cell activation through a decrease in apoptotic cell death. This attenuated cell death is likely partially attributed to the suppression of the activation-induced increase of mitochondrial ROS generation. However, we also observed that greater population expansions are accompanied by compromised expression of key cytokines and, therefore, compromised effector function.

NAM has previously been shown to reduce ROS levels and inhibit ROS-induced apoptosis in many types of adherent cells ([@b33-molce-38-10-918]). The mechanisms underlying these antioxidative and anti-apoptotic effects have not been explored in detail. An association with mitochondria quality enhancement has been proposed by our studies, but the mechanisms by which this occurs have not yet been determined. It is likely mediated by the activation of certain key cellular factors. Inside cells, NAM is readily converted to NAD^+^ ([@b30-molce-38-10-918]), which modulates the activity of several proteins, including the sirtuin family proteins ([@b38-molce-38-10-918]). In particular, SIRT1 positively affects cell survival, either by preventing apoptosis ([@b29-molce-38-10-918]) or activating autophagy ([@b10-molce-38-10-918]; [@b32-molce-38-10-918]).

Our previous studies suggested the possible involvement of SIRT1 in NAM-induced autophagy activation and mitochondria/ROS suppression ([@b22-molce-38-10-918]; [@b24-molce-38-10-918]). Combined with these previous findings, the lower level of mitochondria accumulation and higher level of autophagy activation in T cells activated in the presence of NAM suggest that the attenuated ROS accumulation may be due to SIRT1-induced mitophagy enhancement. However, SRT1720, a potent activator of SIRT1, was observed to exert a marginal effect on the level of T cell expansion (HJ Choi, unpublished result), suggesting that SIRT1 activation itself may not be sufficient to achieve the observed level of T cell expansion.

SIRT3, a mitochondrial member of the sirtuin family, plays a potent antioxidative role by activating SOD2 and reducing glutathione ([@b36-molce-38-10-918]; [@b39-molce-38-10-918]). Furthermore, SIRT3 promotes efficient mitochondrial ATP production ([@b1-molce-38-10-918]; [@b18-molce-38-10-918]), which is required to occur in the NAM-treated cells. Whether SIRT3 activation promotes T cell expansion remains to be determined. Our results also suggest that events other than ROS suppression may be attributed to Bcl-2 upregulation. Enhanced Akt activation is a good candidate. Akt activation has been proposed to be induced by NAM ([@b7-molce-38-10-918]).

One important message from our study is that the increase in the T cell population is achieved in the absence of additional cell division. This may have practical considerations. Potentiation of T cell activation, which is accompanied by an increase in functional effector cells, would help the body eliminate infected cells at faster rates and allow quicker infection clearance. Moreover, immunosenescence, a major cause of mortality in the elderly, is triggered by the limited proliferation capacity of T cells, which, in turn, is caused by replicative senescence imposed by telomere shortening ([@b10-molce-38-10-918]). Therefore, augmenting T cell expansion without extra cell divisions may be a useful strategy in alleviating declining immune functions.

However, the reduced cytokine expression suggests that the cell population expanded in the presence of NAM may suffer from a reduced potency in effector function. Therefore, NAM alone may not directly be used to augment CD8^+^ T cell responses in infection-induced immunopathology. Because of complicated interactions between different immune cells and because of nutrient and cytokine differences, the *in vitro* response may differ from that *in vitro*. Still, the results validly suggest that a higher level T cell expansion without extra cell divisions can be achieved by altering the cellular level of NAD^+^.

Note: Supplementary information is available on the Molecules and Cells website ([www.molcells.org](www.molcells.org)).
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![Effect of NAM on mitochondria and ROS contents, and autophagy during T cell activation. A million naïve CD8^+^ T cells were activated in a medium supplemented with (━•━) or without (\--○\--) 5mM NAM. On every second day, one-tenth million cells were stained with MTG (A), MitoSox (B), or DHR123(C) and applied to flow cytometry. The mean of the numbers from three cultures is plotted. (\*P \< 0.02 compared to the value of naïve cells) (Box attached to (A); Western analysis on mitochondrial proteins (ATP synthase subunit alpha, cytochrome c oxidase subunit 1, Succinate dehydrogenase) and Erk from the cells activated for 8 days. (D) Either naïve cells or those activated for 2 days in the absence (−) or presence (+NAM) of 5mM NAM were probed for LC3 to visualize autophagosomes (green) and nuclei (blue). Typical fields were photographed. (E) Cells were activated in the absence (lane 2; lanes 5 and 7) or presence (lane 3; lanes 6 and 8) of NAM for 2 (left) or 3 days (right). In the latter cases, the effect of bafilomycin A1 was further checked for both the cultures (lanes 7 and 8). Equal amount of proteins was applied to western analysis for p62, LC3 or Erk.](molce-38-10-918f1){#f1-molce-38-10-918}

![Effect of NAM on T cell population expansion. (A) One or 5×10^5^ CD8^+^ T cells isolated from four healthy donors were activated in a medium supplemented with (━•━) or without (\--○\--) 5mM NAM. On every second or third day, cells were fed with fresh media containing NAM while viable cells were counted. (The cells of the upper two graphs were used in the rest of the experiments). Or, cells (of the upper left donor) were probed with CD44 antibody and applied to flow cytometry. % CD44-positive cells is plotted (B). (C) At every two days, cells from control (− NAM) or NAM-treated (+NAM) cultures were stained with PI and applied to flow cytometry. The size of sub-G1, G0G1, S, and G2/M fractions is plotted as bars. Jurkat cells were used as an actively proliferating cell control. (D) Naïve T cells were stained with CFSE, divided into two plates, and activated in the absence or presence of NAM. Cell distribution profiles from CFSE-fluorescence flow cytometry were determined at day 7. The cells not activated (no-division) produced the small right-most peak (arrow 0). The arrows point to the individual peaks that represent the cumulative numbers of division.](molce-38-10-918f2){#f2-molce-38-10-918}

![Effect of NAM on apoptosis during activation. (A) T cells activated in the presence (━•━) or absence (\--▪\--) of NAM were collected at days 2, 4, and 6, and probed with PI or FITC-annexin V, and applied to flow cytometry to determine % total annexin V-positive cells. The averaged numbers of two independent cultures are plotted. (\*P \< 0.1 and \*\*P \< 0.05 between the cells activated with or without NAM) (B) mRNA from T cells naïve or activated for 2 days (−/+NAM) were applied to qPCR for Fas or Fas ligand. Actin mRNA served a control. Mean values from 3 measurements of a biological sample are plotted. ((\*P \< 0.1 compared to naïve cells) (C, D) Proteins from cells either naïve or activated for 2, 4, 6, 8 days or 2, 4, 6 days in the absence or presence of NAM were applied to western analysis for caspase 3 and Erk (C), or Bcl-2 and Erk (D). Bands in two blots from one biological sample were quantified through densitometry, and mean values relative to that from naïve cells are plotted. (\*P \< 0.1 between the cells activated with or without NAM)](molce-38-10-918f3){#f3-molce-38-10-918}

![Effect of NAM on the levels of \[Ca^2+^\]~cyt~ and cytokine expression. (A) At day 2, 6, or 8 of activation in the presence (━•━) or absence (\--○\--) of NAM, cells were stained with Fluo-3 and applied to \[Ca^2+^\]~cyt~ quantification through flow cytometry. Average of two values normalized by that of naïve cells is plotted. (B) mRNAs from T cells naïve or activated for 3, 5, or 7 days were applied to qPCR for IL-2 or INF-γ using actin mRNA as control. Average of three measurements normalized by that of naïve cells is plotted. (P \< 0.1 between the cells activated with or without NAM) (C) At day 4 post activation, 1 × 10^6^ cells were suspended in 1 ml of fresh media and further incubated for 24 h (during this, cell numbers increase to 1.22 and 1.59 × 10^6^ respectively). The amount of TNF-α in the conditioned medium was determined in TNF-α ELISA kit. Measurements from three different wells were averaged and fold change compared to the values from naïve cells was plotted.](molce-38-10-918f4){#f4-molce-38-10-918}
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